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Abstract — The customized software development aims to
release a software product tailored to the specific user
needs. The goal of such software is to best fit the business
requirements in an efficient system. Thisis especially true
when business should perform optimization of the used
resources. The existence of application programming
interfaces in  many commercial mathematical
programming systems makes it possible to develop
custom tailored tools using proven over the years
effective methods and algorithms for optimization. In the
current paper, a framework for designing of customized
software based on the implementation of LINDO API is
described. A developed prototype is used for numerical
testing of real life optimization problem. The testing
results show the applicability of the proposed framework
for designing of effective customized optimization tools.
Keywords — Customized software, optimization
problems, LINDO API.

. INTRODUCTION
Many of business problems are associated with prope
using of limited resources. To ensure the succkssfu
operation of companies and be able to make informed
decisions they need to rely on properly developed
information processing systems [1]. In some cabés t
requires using of optimization models and methodgett
the right solution. Nowadays, there are many coroiaker
solver systems such as MOSEK, CPLEX, SAS/OR,
XPRESS, LINDO, MATLAB, GUROBI, Excel Solver,
etc. They are based on well studied and widely used
mathematical methods for practical optimization
problems. Using of commercial optimization softwése
not always the best choice for some specific appbos.
The goal of development of commercial optimization
software is to be universal and to do all things timany
different users require. The commercial solvers tmus
solve as much as possible types of real problerdst@an
supply analysis options needed for operation rekear
specialists. Along with this as most of the usefrghe
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software in industry have little optimization metiso
backgrounds, the codes must be robust. This means
detection of inconsistent input datytomatic choice of
proper optimization method, automatically adjustiof
optimization parameters and last but not least igiog

of intuitive and easy to use graphical user intféGUI)

[2]. Not to forget also, that the price for industruse of
commercial optimization software is not to be
overlooked. In many cases of commercial software
application the customer is paying for options #uat not
needed and will never be used in his practice. duzh
cases the development of software tools tailored to
specific business needs to solve clearly identifipecific
problems can be an effective alternative to the afse
commercial software.

During the design process of custom software is
necessary to determine such structured solutiamteats

all of the technical and operational requiremerftshe
specific problem. This is accompanied by series of
decisions based on wide range of factors, wherl eac
decisions influences on the quality, performance,
maintainability, and overall success of the softwvar
application. The common approach of designing of
software systems should comply with the user
requirements, the existing infrastructure, andiihsiness
goals. In this respect, the application architextsinould
provide a bridge between business and technical
requirements by understanding use cases, anddHerdt
ways to implement those use cases in the softwgjre [
The software architecture has to identify the basic
requirements influencing on the structure of the
application.

The problem-oriented software applications are lixpesl

to solve a certain type of problems. That is whg th
applications have to provide an appropriate custser
interface that is to be able to process the in@a do
obtain the necessary output information [4-6]. The
development of optimization software application
requires to take into account several main aspedist
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optimization problems will be solved and what
optimization modeling will be applied; how optimtimn
problems will be presented; what kind of methodk lve
used for problems solution; how results should be
visualized and analyzed; what help information $thdne
provided to diagnose the possible faults and wiedp h
will be provided for model management. The main
disadvantage of problem-oriented software developme
is that a limited set of methods and algorithms used
and in many cases they are not thoroughly tested in
contrast to commercial software development. Thi&ebe
approach would be use of commercial optimization
methods and algorithms in custom oriented softwedtle
appropriate designed user interface. This approanhbe
realized by using of the so calledipplication
Programming Interface (API) that is available for many
commercial optimization systems. The existence BfsA
that provide access to libraries of methods andrafgns
proved over years of usage improves the produgtivit
software development and is one of the importactofa
contributing to the success of custom tailored veafe
development [7, 8].

The current work describes a framework that asgjdtie
process of development of customized software ool
optimization. This framework is based on LINDO API
because of the ability of LINDO API to solve widenge

of optimization problems, including linear programs
mixed integer programs, quadratic programs, general
nonlinear non-convex programs and so on [9]. A liéal
nonlinear mixed integer programming problem desatib
in [10] is used to illustrate the practical implewtetion of
the proposed framework for development of custom
oriented optimization software.

II.  MATHEMATICAL MODELING
No business can be considered successful if it dogs
perform  optimization of the used resources.
Mathematically reasoned optimization requires prope
mathematical modeling of the problems. The quatity
the resulting solution depends on the completeoédse
model in representing the real business problenj. [11
Despite of availability of various modeling apprbas for
business problems, many of mathematical modelsdiime
to optimize a specific objective function subjeatset of
constraints — single objective optimization (SOOh the
other hand, the real life problems actually require
simultaneous optimization of multiple objectivesidead
to multi-objective optimization (MOO).
Nevertheless the presence of different method$/00O
all of them rely on some transformation to a single
objective optimization [12]. Development of the mos
suitable optimization model could be an iterativegess
that requires making of modifications of initial
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optimization model. The steps of a generalized riogle
process can be described as:

1) developing of an initial SOO or MOO model;

2) determining of optimal SOO solution or Paretahopl
solution for MOO;

3) identification, whether as a result of the dieciof the
optimization model expected performance indicatmes
satisfied,;

4) if this is not true — modification of the initianodel
(objective/s, variables, constraints) in accordatméhe
nature of the chosen mathematical modeling approach
5) repeating of the steps until a satisfying ofuieeg
performance indicators solution is reached.

This iterative process of modeling is visualizedrig. 1.

Start N )

‘ Initial model formulation |

Solution Model modifications:
: A R objective/s, variables,
Single objective Multi-objective aidlgr restrictions
solution ‘ solution T
l Corrective functions
" Satisfaction™~~_  No = l ;
3 Gr periommdngd intermedic;rtzgiﬁfgrmation
indicators

Fig. 1: Iterative modeling process

During the search for a better solution, the ineliate
information is stored and used to improve the ahiti
model. Some corrective functions can be involved to
refine the model. In many cases, the correctivetfans
contribute not only for approximation to the optima
solution but also reduce computational effort tdveo
complex real life optimization problems.

.  FRAMEWORK FOR DEVELOPMENT OF
CUSTOM OPTIMIZATION SOFTWARE WITH
LINDO API IMPLEMENTATION
Application programming interfaces available for nma
commercial optimization systems provide set of fiors
and subroutines definitions, and input/output prote
needed to use them. APIs are valuable tools fddingi
custom software oriented to specific applicatiohkey
improve code reuse, help to reduce developmens eost
promote programmers’ productivityn general, APls
make software developing easier by providing retuly
use and tested building blocks, which can be usethd
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programmer. APIs help using of advanced technotoigie
applied software and developers can concentrate its
efforts primarily on the development of an apprafwi
graphical user interface, which is an essentialufeaof
custom tailored applications. This is especiallypamant
when designing software tools for optimization in
industry. It is unlikely to expect users of thegels$ to be
highly trained specialists in operations researctd a
optimization methods. It would be best if the optiation
algorithms work is hidden behind the corresponditgj.

It is also important to provide an intuitive enteyiof the
input data and understandable decision data argiséa
for managers with little experience in mathematical
programming.

Following these principles, in the current paper a
framework for development of optimization software
tools using commercial APl implementation is ddsedi.

It is based on LINDO API which is available for hig
level programming languages as C/C++, C#, Delphi,
Fortran 90, Visual Basic, Java/J+ under Windowsyuki
and Solaris operating systems. It also providesrfates

to other systems such as MATLAB, Ox, .NET. The
LINDO solvers for mathematical programming models
are proven over more than 30 years usage as &teatid
easy to use tools for large scale real life prolslem
LINDO API provides a programming environment, where
models can be entered in two ways: 1) by data tsires

in array (vector) representations and by 2) datafikes

in MPS, LINDO or MPI formats [9].

When describing optimization model the following
information should be provided to the solver system
1) maximizing or minimizing optimization direction;
2) coefficients of objective function; 3) coefficies of
constraints matrix; 4) constraint senses; 5) rhydnte side
values of constraints and 6) upper and lower bowfds
variables. Many real problems formulated as optitiin
tasks are characterized by a large number of cingdr
and variables, but with small number of non-zero
coefficients of the restrictions matrix (sparse stogints
matrix). In such cases it is possible to represdrf the
constraints matrix data by single vector. Takingtin
account the large number of zero coefficients thik
require considerable amount of storage. LINDO API
provides an efficient way to reduce storage requings
for sparse coefficient matrix of the model by thveetors
used to store information only about non-zero elemef
coefficients matrix: 1)value vector containing all non-
zero coefficients of restriction matrix ordereddmjumns;

2) column-start vector recording which points in thealue
vector represent start of columns; Bdw-index vector
storing information about the row entries of thaue
vector points. Using of these vectors allows uniquely
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recovering of the original matrix of constraints’
coefficients.

Another possibility is using of optional fourth wec for
flexible description of model when additional caastts
(rows in matrix) are expected to be added in tharéu
This is column-length vector describing number of non-
zeroes in each column. Thalue vector and row-index
vector for this case are modified to contain symh¥l®o
reserve space for future extensions. These syndrels
ignored when solver routines process model desonipt
This option is very useful because it allows not
developing new model and software when business,
which he describes, expands with new requirements o
constraints.

The second approach of LINDO API for input the
optimization model is by using data text files inPB,
LINDO or MPI formats [9]. MPS file format is a foah
developed by IBM. It is accepted as industry stathder
passing linear and quadratic models from one
optimization platform to another. Unlike MPS format
which is column-oriented format, LINDO format isweo
oriented. It is very simple and easy to use formaat
describing of variety of optimization problen&he MPI

is another format developed by LINDO to support
portability of different mathematical programming
models. When input model data are entered (by atatey
structures or by data files) they are passed totdRteate

a model ready to be processed by solver system.
Considering the LINDO API specifics, the proposed
generalized framework for development of custom
software tools for optimization is shown in Fig. 2.

From the user point of view, the GUI is the maimt pd
software system that aims to enhance the efficiemy
ease of use based on logical design. The most commo
combination of elements in GUI is made of windows,
icons, menus, and pointer. The provided way for

interaction should be as simple and efficient assite.
p

Graphical User Interface

Auxiliary Output
E Input data ]( Components )[ Visualizations
ol
>

4 Model Description

1) optimization direction

2) coefficients of objective function
3) coefficients of constraints matrix
4) constraint senses

Solution and
post optimization

analysis
5) right-hand side values of constraint ¥
6) upper bounds
\_7) lower bounds
|—}
.J\ L |

Application Programming Interface

T e )

Fig. 2: Aframework for development of optimization
software tools using LINDO API

-
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The GUI can be defined as fundamental platform for  production. It is a result of wind speed and tuebak
human-computer interaction including input and iadit changes behind turbines that causes impact of gnerg

modules, output and visualization modules, and rothe  production of neighboring turbine3he turbine's rotor
auxiliary components (data base links, graphical diameter is decisive for the air disturbance belimbdine.
representations, help, etc.). The main steps to be To neutralize the wake effect a proper separation
performed to use the LINDO API are shown in Fig. 3. distances between turbines should be determined. Th
goal of wind farm layout optimization is to mininsiz
costs/energy ratio, where costs are function ofuhgines
number and energy is function of the chosen turbated
power, overall number of turbines and utilization
coefficient. The formulation of optimization modédr

( Create LINDO environment )

( Create a model in the environment )

( Descript:onff the model )) this problem -
. 2 1 _ 2 1
( Perform the‘ODtimization ) min ( N [5 + ge coorran jj h,7NP,, @
subject to
Retrieve the solution b—bj GUI
( T ’ N = Nrow Negl (2)
: Nrow= 4000 / KonD) + 1 3)
( Delete model and LINDO environment ) Nool = 1000 / koolD) +1 (4)
Fig.3: Main steps of LINDO API implementation Krow > 1.5 (5)
Krow <3.0 (6)
Once the model is described and passed as APltplijec Ko > 9.0 @)
is solved and solution information is returned tJIG Koot <11 (8)
level where it is presented in format correspondio 10
o P pondiag > x =1, x, 0{o1} ©)
specific user needs. r}

Pw=0.33%;+ 0.8+ 0.8+ 0.85¢,+ 0. %+

IV. DESCRIPTION OF DEVELOPED RESEARCH + 1.65¢+ 26+ 2Xg+ 2.9+ 3Xq0; (10)
PROTOTYPE OF OPTIMIZATION SOFTWARE D = 33.4; + 48k + 52.K3 + 52¢, + 44xs +

APLICATION WITH LINDO API + 8+ 80X, + 82X+ 71Xg + 90Ky, (11)

To illustrate the advantages of custom optimizatmois D,= koD (13)

based on implementation of commercial optimization D= koD (14)

system API a research prototype is developed. Rrove  The dimensionless costs per year are calculated as
over the years LINDO API is implemented using Jasa 2 1 _woa) [14, 15] and expected wind
application tool for wind farm optimization. Rendva Costs = N(§+§e )

energy sources, including wind farms consistently  energy output per year is denoted Energy = h,[INP

increased their economic attractiveness. Using thema [10], whereh, = 8760 hours over year, nominal utilization
part of hybrid system for generating energy reguire coefficient is taken as[] 1= 0.3,N is number of installed
optimal use of each resource [13]. The developseareh turbines, P,; represent the turbines rated power of
prototype is aimed to support optimal design of dvin selected type. Wind farm site is of rectangulapshaith
farm layout. The full description of the optimizati dimensions 4 km X km. Coefficientsky, andkq, are
problem can be found in [10]. Shortly, the windnfiar used for determination of separation distances datw
layout is determined by choice of wind turbines bem turbines ED, andSD,) to overcome the influence of wake

and type for known wind farm site dimensions and  effect. The binary integer variableg are decision
predominant wind direction. The wind turbines rotor variables used to select the best turbine type. The
diameter is crucial for determination of separation diameter of the selected turbine is denote®byhe data

distances between turbines which in turn deterntiee for rated power and rotor diameter for set of 1Ghdwvi
number of turbines for given wind farm site dimems. turbines types are used to design optimal wind farm
The practice shows that there exists the so céiledke layout. The main window of the developed research

effect” that influences on the wind farm energy prototype is shown in Fig. 4.

www.ijaems.com Page | 1793




International Journal of Advanced Engineering, Management and Science (IJAEMS)

Infogain Publication (Infogainpublication.com)

[Vol-2, Issue-10, Oct- 2016]
ISSN : 2454-1311

Optimal wind farm layout design |

File Solve Visualization Help

Optimization task formulation:
model:

[obj]min = (costs/E);
costs=N*((2/3) + ((1/3)*(@exp(-0.00174*@pow(N,2)))));
E=0.3"8760"N"P;

N =(Nx)*(Ny):
Nx=(4000/(kx"D))+1;
Ny=(1000/(ky*D))+1;
@gin(N);

@gin(Nx);
@gin(Ny);

kx>1.5;

kx<3.0;

ky=>9.0;

ky<11.0;

SDx=D"kx;

' Solution results:

Selected wind turbine type: Vestas V52; D = 52 m; Pwt = 0.85 MW
Number of installed turbines: 156

Separation distance-x: 78.43 m

Separation distance-y: 500.00 m

Total installed power: 132.6 MW

Cost per unit energy: 0.000298

Expected energy output: 348472.8 MW/h

=18/x]

SDy=D*ky;

@BIN(x1);

@BIN(x2);

@BIN(x3);

@BIN(x4);

@BIN(x5);

@BIN(x6);

@BIN(x7);

@BIN(x8);

@BIN(x9);

@BIN(x10);

x1+x2+x3+x4+x5+x6+x7+x8+x9+x10=1; SDy=500
A

P=0.33"x1+0.8"x2+0.8"x3+0.85"x4+0.9"x5+

1.65*x6+2*x7+2*x8+2.3*x9+3*x10;

D=33.4"x1+48"x2+52 9*x3+52" x4 +44*x5+
82*x6+80*x7+82*x8+71*x9+90*x10;

Graphical representation of wind farm layout design:
N=Nx*Ny=52*3=156

i ©0000000000000000000000000000000000000000000000000000

0000000000000000000000000000000000000000000000000000

W

end

—

0000000000000000000000000000000000000000000000000000
-

SDx=78.43

Fig. 4. Main screen of developed prototype

Left pane contains LINDO model which can be loaded
from text file or directly entered in LINDO formathis
pane is editable and corrections and modificatiminghe
model are possible. The right pane is divided oo tw
sections showing numerical results of solution fowe
section and graphical representation of optimalviarm
layout in lower section. Both of numerical soluti@sults
and image layout can be saved for later analysis.

V. RESULTS AND ANALYSIS
The results for the described nonlinear mixed iateg
optimization model (1) — (14) are shown in Fig.The
solution of the described optimization model via
developed software prototype coincides with theitsmh
obtained by commercial software system LINGO v. 11
[10, 16]. In both cases, the values of the objectiv
function and variables and solution times are igaht
This proves the correct implementation of LINDO API
for developing of problem oriented software toal fand
farm layout optimal design.

VI.  CONCLUSION
The development of custom software aims to serve a
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specific user or group of users. In contrast to the
widespread commercial software systems customteden
software is designed to address the specific usemssds.
The advantage of developing custom software isfdabe
that it provides just the features that are necgdsa the
specific user and is not bundled with options thetwill
probably never use (but will pay for). The risk@dated
with the development of custom oriented softwaréhes
dependency on the developed and used algorithmthand
extent to which they have been tested in practitsng

of commercial APIs for developing custom software
allows integrating of libraries of methods and aitgns
that are proven over the years by many users. iBhis
especially important when complex mathematical
problems are to be solved. Errorless processinghef
data is extremely important for development of
optimization tools for practical applications. Ugiof API
allows the developers to concentrate over desigthef
required input and output components in proper fycab
user interface and contributes to success of custom
tailored software tools.

The proposed framework for development of optiniarat
software using LINDO API could be customized faneat
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applications which need solution of optimization

problems. This framework can be considered also as

blueprint for individual of different

optimization applications.

development
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